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A B S T R A C T 
This project examines the valuation of option e m b e d d e d fixed income securities. 
More specifically it explores the valuation of convertible bonds and warrants, callable 
bonds, and bonds with sinking fund provisions. 
Convertible bonds offer the investor of a corporate bond the right to exchange 
the bond for shares of c o m m o n stock. U p o n completion of the exchange the once debt 
holders of the c o m p a n y have b e c o m e c o m m o n shareholders of the company. It is easy 
to see w h y convertible bonds are considered hybrid securities; investors enjoy the 
protection of the fixed income properties of the security and also can potentially share 
in the upside return of equities. Convertible bond holders, in essence, o w n both a bond 
and a call option on the company's stock. In order to tmly understand the value of a 
convertible one must first understand the value of a straight bond and the value of a 
call option. 
Warrants are usually but not always issued with corporate bonds. W h e n an 
investor exercises a warrant he or she is entitled to subscribe to a n u m b e r of c o m m o n 
stocks. O n c e it is understood that a warrant is actually a call option, it is clear that the 




Callable bonds represent another security that has e m b e d d e d options. T h e 
e m b e d d e d option is a call provision that affords the issuer the right to call back the 
bond at a pre-determined price before maturity. After decomposing the callable bond it 
is clear that the security is equal to a straight bond minus the value of a call option. 
Sinking-fund bonds are securities that are not paid in full in one payment at 
maturity. Rather, these bonds are continually amortised through a sinking fund 
provision. Typically the issuer of the security is required to retire a portion of the 
original principal on a yearly basis. 
Valuation examples of these securities are presented in each section. For the 
purpose of illustration the valuation process is depicted by the use of the binomial tree 
for a three-year period in most examples. However, the core of this project is a thirty-
year computerised pricing model that has been developed for the Callable Bond. This 
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In the last few years, structured derivative financial products have brought on 
a significant a m o u n t of controversy a m o n g governments, corporations, and 
investors. Derivatives have been categorized as the source of numerous financial 
problems, such as an increase in global stock market volatility, the financial collapse 
of certain U.S. municipalities, and the large financial losses suffered by market 
professionals w h o claim ignorance about the kinds of derivative instruments they 
buy and obligations they incur^ Critics of derivatives argue that it is only a matter of 
time before these instruments cause serious havoc in the world's financial markets. 
T h e collapse of Barings B a n k and the bankruptcy of Orange County are two 
of the most recognized cases where derivatives were tagged as the scapegoat. At 
Barings, a rogue trader took advantage of inadequate operational controls and 
e n g a g e d in unauthorized trading activities that brought the B a n k to its knees. T h e 
U.S. municipality of Orange County speculated with derivatives for years; and 
enjoyed healthy profits that allowed taxes to remain low. In 1994, speculation 
caught up with them and as the Fed raised interest rates the county w a s burned for 
$1.7 billion.2 
A n d in our most recent history, the Union B a n k of Switzerland reported that it 
had lost approximate U S D 230 million on equity derivative trading in 1997.3 ^ u g e 
〜 losses like this one indicates th)at improvements must be m a d e in valuation 
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techniques, risk m a n a g e m e n t methods, and hedging vehicles. T h e recent financial 
disaster in Asia in 1997 lends support to the idea that improvements can be m a d e in 
managing risk. Users of finandal products must b e c o m e m o r e aware of the 
behavior of derivative securities. At the core, this understanding is really about 
pricing. A n d pricing is what this paper explores. 
This paper will present four securities with derivative properties: convertible 
bonds and warrants, callable bonds, and bonds with sinking fund provisions. These 
bonds are categorized as hybrid securities because they share fixed income and 
equity characteristics. T h e hybrid nature of the bonds stems from their e m b e d d e d 
options. E m b e d d e d options are just that, e m b e d d e d ; they are placed in the 
structure of the security. Unlike bare options that can be traded independently or 
separately from an underlying security, e m b e d d e d options cannot be detached.^ 
E a c h section will begin with an introduction to the security and offer s o m e 
detailed explanations. However, m o r e importantly, each section will end with an 
example on the valuation of that security. 
T h e final part of this paper will include an original model that w a s built with 
the objective of valuing a 30-year callable bond. A description of the model will be 
offered as well as instructions on h o w to use the program that is provided on the 





CONVERTIBLE BONDS AND WARRANTS 
Convertible B o n d s 
A convertible bond is a corporate bond that offers the investor the right to 
convert the bond to a specified n u m b e r of shares of c o m m o n stock, A convertible 
b o n d (CB) includes specific terms such as: specific time in which the conversion 
must take place and a pre-determined conversion price (note, there is no call for 
additional cash at conversion). Prior to conversion, convertible bond holders are 
debt holders of the c o m p a n y . A s debt holders, the investors, receive fixed interest 
payments as well as the principal repayment upon the bond's expiration (maturity). 
If the stock price of the c o m p a n y trades at a higher price than the conversion price, 
the holders would presumably exercise their conversion rights. U p o n completion of 
the exchange, the debt holders have b e c o m e shareholders of the c o m p a n y and 
possess all the rights of c o m m o n stockholders. 
T h e explanation above depicts the attractive features of convertible bonds. 
T h e value of a convertible increases w h e n the underlying stock price increases. 
Convertible bonds hybrid features allow investors to enjoy the protection of bonds 
and the potential upside return of equities.® Naturally, if investors determine that the 
value of stock dividends will be greater than that of the scheduled interest 
payments, the holders will convert the bonds to c o m m o n stock before the expiration 
date. Successfully converting the bond allows the holders to take advantage of the 
、 higher dividend payment. 
» 
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Convertible bonds and convertible preferred stock have similar 
characteristics. Convertible preferred stock is seen as an alternative for companies 
w h o m a y otherwise issue preferred stock with warrant. T h e following description 
applies to both the securities. 
E a c h convertible must include the terms of conversion, most importantly the 
conversion ratio and conversion price. T h e conversion ratio indicates the n u m b e r of 
shares of c o m m o n stock that the convertible holder can claim. T h e conversion price 
is equivalent to the par value of the convertible divided by the conversion ratio T h e 
terms are always adjusted proportionally for stock splits and stock dividends. For 
example, if there is a 1:2 stock split, the conversion ratio will be doubled while the 
conversion price will be halved. Recently, s o m e convertibles offer a more 
complicated structure. S o m e convertibles in the U S have structured the bond to (i) 
allow the security to be converted to other debts and / or (ii) include multi-conversion 
options for the investors. 
Convertible holders, in essence, o w n both a bond and a call option on the 
company's stock. This arrangement is similar to a bond-warrant package. In 
principle, the value of a convertible is determined by its conversion value and its 
straight bond value. T h e conversion value is the stock price multiplied by the 
conversion ratio. In order to truly understand the value of a convertible one must 
first understand the value of a straight bond and then the value of a call option. 





Value At Maturity 
If, at maturity, the company's total assets are equal to or greater to the total 
value of the mature bonds, the company's capital will be sufficient to m a k e final 
payments to all bondholders. However, if the company's assets are less than the 
outstanding bond value, there will be insufficient funding to pay off the bondholders. 
In the extreme case that the company's assets are worthless, the bondholders will 
ultimately receive nothing. Figure 1a illustrates the b o n d portion of the convertible 
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Figure 1 (a) The bond value when a convertible bond matures. If firm value is at least 
$1 million, the bond is paid off in full; if it is less than $1 million, the bondholders 
receive the value of the firm's assets, (b) The conversion value at maturity. If 
converted, the value of the convertible bond rises in proportion to firm value, (c) At 
maturity the convertible bondholder can choose to receive the principal repayment on 
the bond or convert to c o m m o n stock. The value of the convertible bond is therefore 
the higher of its bond value and its conversion value. 
Source: Richard A. Brealey and Stewart C. Myers, Principles of Corporate Finance (5^ ^ 
Edition), N e w York: The McGraw-Hill Companies, lnc, 1996 p. 625. 
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at maturity. T h e horizontal part of the line represents the payoff w h e n the bond is 
paid in full. T h e sloping part of the line (beginning at the origin) indicates that the 
b o n d is in default. T h e sloping part of the graph indicates that the bond values 
decrease as the company's assets fall below the par value? 
Figure 1b s h o w s the conversion value of the convertible. T h e conversion 
value is equal to the conversion ratio multiplied by the underlying stock price after 
conversion. In fact, the convertible price cannot be lower than the conversion value. 
If the convertible price w a s lower than the conversion value an arbitrage opportunity 
would exist. T h e investors could arbitrage by getting long on the convertible, 
converting to equity and selling the shares. Investors would earn profit from the 
difference between the price of the convertible and the conversion value. ® 
T o s u m up, there are two lower nodes to the price of the convertible: its bond 
value and its conversion value. Investors will not convert if the bond value exceeds 
the conversion value. However, they will do so w h e n the conversion value exceeds 
the bond value. In other words, the value of the convertible at maturity is 
represented by the higher of the two lines in Figure 1a and 1b. This is s h o w n in 
Figure 1c.^° 
Value Before Maturity 
A s in the case above, a diagram can be used to depict the value of the 
convertible before maturity. By realizing that even healthy companies have been 
k n o w n to b e c o m e ill and in turn default on their obligations to bondholders, it is 
understandable that the bond value will be lower w h e n there is time remaining to 




convertible before maturity and it is again the lower of the bond value and the 
convertible value. Investors are not required to convert the convertible until maturity; 
they can simply wait for the underlying stock price to rise up to what they believe is 
a n acceptable level. Thus, before maturity, a convertible is always worth m o r e than 
its lower-node value. Its actual selling price will be represented by the higher curve 
of Figure 2d. T h e difference between the 2 lines is the value of a call option. Its 
b o n d value is equivalent to the exercise price of the convertible. 
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Figure 2 (a) Before maturity the bond value of a convertible is close to that of a 
similar default-free bond when firm value is high, but it falls sharply if firm value falls 
to a very low level, (b) The conversion value at maturity. If converted, the value of 
the convertible bond rises in proportion to flrm value, (c) If investors were obliged to 
m a k e an immediate decision for or against conversion, the value of the convertible 
would be equal to the higher of bond value or conversion value, (d) Since convertible 
bondholders do not have to make a decision until maturity, (c) represents a lower 
limit. The value of the convertible bond is worth more than either bond value or 
conversion value. 
Source: Richard A. Brealey and Stewart C. Myers, Principles of Coroorate Finance 
(5th Edition), N e w York: The McGraw-Hill Companies, lnc, 1996 p. 626. 
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T h e dilution factor should also be taken into consideration. O n c e a 
convertible is exchanged for c o m m o n stock, the c o m p a n y will not need to pay 
further interest, but the dividend payment will be shared by a larger group of 
shareholders. Therefore, the c o m p a n y is obliged to state the effect on the earnings 
per share (EPS) after a conversion in its financial statements. 
Moreover, convertible bonds are callable by the issuer. This gives the issuer 
the option to force conversion. If the c o m p a n y calls the bond, the bondholder has a 
brief period of time (usually about 30 days), to convert the bond or surrender it. if a 
b o n d is surrendered, the investor receives the call price in cash. But if the share 
price is higher than the call price, the investor wi" choose to convert the bond 
instead of surrendering it. Thus, a call can force conversion if the stock price is high 
enough. 
Calling or converting the convertible has no effect on the total value of the 
company's assets, but it does affect h o w asset value is distributed a m o n g different 
classes of security holders. Therefore, if the company's goal is to maximize 
shareholder interest, it should minimize the convertible investor interest, i.e. if the 
convertible value is lower than the conversion price, the c o m p a n y should not call the 
convertible; and vice versa. In other words, a convertible should be called w h e n its 
value is close to the convertible price.” 
Warrants 
Although a significant portion of warrants are issued with corporate bonds, 
warrants can also be issued individually. U p o n exercising the warrants the investors 




bonds include the following requirements: a predetermined time period and exercise 
price. T h e warrant will b e c o m e valuable only if the price of the underlying c o m m o n 
stock is higher than the exercise price during the set time period for the warrant. 
Therefore, there is a direct relationship between the premium of the warrant and the 
price of the underlying stock. T h e investors, are under no obligation to exercise the 
warrant. However, upon expiration the warrant b e c o m e s worthless. But, the bond 
remains valid even after the warrant expires.^^ 
A bond with a warrant can be further divided into detachable and 
nondetachab!e. A detachable warrant with a corporate bond are treated as two 
different securities that can be traded separately. While nondetachable warrants 
are treated as a "2-in-1" security that cannot be traded separately. T h e warrant 
investors neither have voting rights nor receive dividend payments. However, the 
exercise price will be altered if there is a dividend payment or a stock split.^ ^ 
By understanding that a warrant is actually a call option, an underwriter w h o 
wishes to issue a corporate bond with a warrant can use the Black-Scholes Model to 
calculate the value of the warrant. From a warrant investor's perspective, if an 
underlying stock price is higher than the exercise price at maturity, he or she would 
benefit by exercising the warrant. It is clear that the issuer and investor view the 
warrant in two different ways: the issuer is concerned with "pricing" or determining 
the value of a warrant while the investor is concerned on timing, that is w h e n to 
exercise the option.^^ 
W h e n the warrant is exercised, n e w shares will be issued, subsequently the 




must be considered w h e n calculating the value of a warrant. T h e numerical 
example below helps illustrate this point: 
Suppose, 
• Shareholder's equity = Total assets 一 Liabilities = S E 
• N u m b e r of outstanding share = N 
• Current stock price = S 
• Annual S D of stock price 二 D 
• Capital raised from the issue of bond with warrant = W B 
• Warrant/ Share = q 
• Total warrant issued = N q 
• Warrant exercise price = K 
• Time = t 
• Interest = r 
• Present value of exercise price = PV(K) = K/r^  
Given that the straight bond value equals, B, it can be deduced that W B - B 
represents the value of the warrant. T h e value per warrant is represented by: (WB-
B)/ Nq. T h e next step, is to check and see if warrants are really worth the price that 
investors are willing to pay for them. 
Table in Appendix I can be used to value warrants. T h e horizontal axis 
indicates the ratio of the current stock price to the present value of the exercise 
price: S/PV(K). T h e vertical axis measures the product of the annual standard 
deviation in the stock price and the square root of time. T h e corresponding data is 
the value of a call option per each unit of stock price: C/S (Note, the data does not 
account for the dilution effect). 
Shareholder equity, after warrants are exercised, can be calculated by: 
S E + N q K . A n d the n u m b e r of outstanding shares is s h o w n by: N + N q . A s a result 
the price per share calculation changes from SE/N to (SE+NqK)/{N+Nq). 
» 
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R e m e m b e r , if investors do not exercise their warrants by maturity their value will be 
equal to zero. W h e n warrants are exercised, the value is determined by the 
difference between the current stock price at maturity and the pre-determined 
exercise price. Therefore, the following formula can be used to determine a 
warrant's value at maturity: 
Value of a warrant at maturity = m a x [(SE+NqK)/ (N+Nq) 一 K, 0] 
=[1/(1+q)] m a x [(SE/N)-K, 0] 
T h e effect dilution has on the value of a warrant can be seen in the above 
equation. T h e value of the warrants can be calculated by: 1/(1+q) call options 
written on the stock of an alternative firm (let it be c o m p a n y A ) with the s a m e total 
equity value S E , but without any outstanding warrants. T h e alternative firm's stock 
price would be equal to S E / N (total value divided by the n u m b e r of share 
outstanding). Therefore w h e n pricing the call option on c o m p a n y A , the standard 
deviation of change in SE/N must be used. 
S u p p o s e the standard deviation of c o m p a n y A's stock is k n o w n and the 
value of D(t)i'2 can be calculated; and the results of the stock price divided by the 
present value of the exercise price, (SE/N)/ PV(K), are also k n o w n then one can 
check the C/S value from table in appendix I. Therefore, the value of the call option 
for c o m p a n y A is equal to (C/S)(SE/N). T h e value of the warrant is equal to 1/(1+q) 
multiplied by the value of a call on c o m p a n y A . In otherwords, if investors pay (WB-
B)/ Nq, they should receive warrants worth [(C/S) (SBN)]/ (1+q). 
» 
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T h e issuing c o m p a n y can use the BIack-Scholes m o d e l (and modify for any 
dilution) to evaluate whether the warrant is fairly priced. T h e main purpose of the 
calculation is to attempt to understand m o r e about the shareholder equity structure. 
For a given equity value, the formula calculates h o w the overall value of the equity 
should be split between stocks and warrants. 
T h e Difference Between Convertible B o n d s and Warrants 
While the similarities between convertible bonds and warrants were explored 
in the earlier sections it is worthwhile to review s o m e of their differences:^^ 
1 . Warrants can be detached. A Warrant can be detached from corporate bonds 
and preferred stock. However, the convertible and its option, are bundled 
together and cannot be separately traded. If the convertible holders exercise 
their options, they simultaneously must give up their bonds. Yet, warrant 
holders can still hold on to their bonds after exercising their warrants to 
purchase c o m m o n stock (note, warrants can also be nondetachable but that is 
an exceptional case). 
2. A package of bonds and warrants may be taxed differently. There are s o m e 
notable tax differences between warrants and convertibles. Suppose a 
c o m p a n y is considering issuing a convertible, and it views the convertible as a 
package of a straight bond and an option. T h e convertible value in this case 
should be equal to the s u m of these two security values (the bond and the 
option). If the c o m p a n y issues a bond and an option separately, the bond value 
is discounted and raised to ‘ par upon maturity of the bond. The price 
» 
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appreciation is deducted from the company's taxable profit and allocated to the 
investors' taxable income. Therefore, by issuing a bond with warrants rather 
than a convertible, a c o m p a n y m a y reduce tax paid and in turn investors will 
experience an increase in tax paid. 
3. Warrants are exercised for cash. W h e n an investor converts a bond, it is simply 
an exchange: a bond for c o m m o n stock. W h e n an investor exercises a warrant, 
additional cash is required to complete the transaction. This implies that the 
convertible and the warrant will have different effects on the company's cash 
flow and on its capital structure. 
4. Warrants are usually issued under private placement. Usually, warrants, bonds 
with warrants, or preferred stock with warrants are issued in private placement 
Convertibles differ in that they are issued in a public offering. In addition, 
warrants can also be issued separately, without being attached to a security. 
Plus, warrants can act as commission for underwriters. Another difference is 
that companies can directly sell warrants to investors. Stock options are 
c o m m o n l y included as part of the compensation package for m a n a g e m e n t . 
These executive stock options are seldom referred to as warrants but share 
m a n y if the s a m e properties and characteristics of warrants. 
Considerations of Issuing Convertibles and B o n d with Warrants 
There are numerous misunderstanding about the effects of warrants and 
convertibles. These misunderstandings d e e m that issuing warrants and convertibles 
favor companies rather than investors. For example, w h e n a c o m p a n y wants to 
successfully sell a n e w issue of cofnmon stock, the offering price is often lower than 
» 
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the current stock price. However, if warrants are issued, the exercise price can be 
higher than current stock price. O n e m a y misinterpret this and conclude that 
c o m m o n stock is being sold at a premium. Further, w h e n a c o m p a n y issues 
warrants, cash is usually received. Options are a valuable security if they are fairly 
priced and it is a fair trade since its N P V is equal to zero. Therefore, the 
misunderstanding on "issuing c o m m o n stock at a premium" stems from the unfair 
comparison m a d e between the exercise price and the current stock price. A more 
relevant comparison can be m a d e between the exercise price and the future stock 
price (when warrants are exercised). 
Similar misunderstandings exist concerning convertibles. Several surveys 
report that the underlying reason for companies to issue convertibles is to market 
the convertible as "cheap debt". A n d a more c o m m o n misperception is that 
m a n a g e m e n t perceives such a sale as a deferred sale of stock at an attractive 
price. 
A s stated earlier, a convertible is a package of a straight bond and an option. 
T h e price difference between a convertible and a straight bond is the cost of an 
option. Therefore, a convertible can only be cheap if the difference is greater than 
the fair value of the option. 
Convertibles afford the investor the right to exchange bonds for c o m m o n 
stock; the investor has the option to convert or not to convert. T h e option must be 
noted because it m a k e s it clear that the bonds may not be converted and therefore 
cannot be considered as a deferred sale of stock. 
» 
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N o w , that the misunderstandings have been cleared up (and hopefully 
successfully refuted) it is important to examine the rationale behind the issuance of 
convertibles and warrants. Small companies with a higher risk profile c o m m o n l y 
raise capital by issuing convertibles (these bonds are invariably unsecured and 
subordinated). S u p p o s e a c o m p a n y requires capital to set up a n e w production line 
and issues unsecured junior bonds to generate funding. From an investors, 
perspective, if the business does not properly operate (or even falls into 
bankruptcy), they risk receiving nothing. Since the production line is totally new, it is 
difficult to evaluate the probability of failure. This in turn m a k e s it difficult to 
calculate the appropriate interest rate. Investors, in order to compensate for the 
default risk, will request a higher interest rate for non-convertible bonds. Therefore 
the c o m p a n y will pay more interest which m a y put the c o m p a n y at risk of financial 
insolvency. 
In order to relieve the investors of their anxiety (stemming from default risk) 
and in an effort to gain their trust, corporates have chosen to issue convertibles and 
warrants. If investors take on these types of securities, they will perceive 
themselves as "sharing the s a m e boat" as the c o m p a n y . This has been perceived 
as an equitable relationship between investors and corporates since investors can 
n o w share in any potential upside. 
Valuation of Convertible B o n d 
S u p p o s e the equity side of c o m p a n y A B C is as follows: 
Convertible subordinate debt 
• zero coupon 
• par value = $1000 
、 • convertible price = $20/ per share 
• period to maturity = 2 years 
» 
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• can be converted at any time 
• nos. in issue = 20,000 
Senior bond 
• coupon rate = 6 % 
• par value = $1000 
• period to maturity = 2 years 
• nos. of issue = 80,000 
• total value = $80 million 
C o m m o n stock 
• total nos. of existing shares = 1.5 million 
Default riskless rate of return = 1 0 % 
Total value of c o m p a n y A B C at time 0 = V 
There is probability P for a 2 5 % increase (u) and 1-P for a 2 5 % decrease (d) 
in value in the next period. 
Ail these are s h o w n in the tree diagram as follows: 
t=0 t=1 t=2 
A 
150.25 






- 一 > =120.2d 
(90.15-84.8 
=5.35) 
~ ~ ^ ~ -
F 87.75 
:72.2u 
15 ^ (87.75-84.8 
= 1 0 0 d ^ ^ =2.95) 
(75-4.8 ^ ^ L _ _ !  
=70.2) < D 
^ ^ 52.65 






Since the interest paid to the debt holder at t=1 is 4.8 million (6%x 
$1,000x80,000), the equity of the shareholders will be 120.2 million and 70.2 million 
in cases E and F respectively. 
W e also calculate the value of senior bond, Vsb. By binomial call option 
pricing formula, P can be calculated 
P:_R-d 
u-d 
W h e r e R = 1 + riskless rate of return, therefore, 
P= 1 . 1 — 0 . 7 5 二 0 . 7 
1.25-0.75 
_ $4.8 {0.7[0.7x($80 + $4.8) + 0.3($80 + $4.8)]+0.3[0.7($80 + $4.8 + 0.3x$52.65^ 
“ = T T + ( T ? 
=$72.06 
At point D, the total value of the c o m p a n y will be $52.65, which is less than 
the senior debt value; therefore $52.65 will also be the value of the senior debt. The 
senior debt value is $72.06 million, therefore, the P V is $900.75 ($72.06 million/ 
80,000). 
Afterward, the value of the convertible bond (CB) should be considered. The 
value of C B is $20,000,000 (20,000 *$1,000) and the convertible price is $20/per 
share. If the convertible option is exercised, 1,000,000 n e w shares will be delivered 
in exchange for the bond. There are 1,500,000 outstanding shares; the percentage 
of the n e w issue of shares will be 
a = 1/(1+1.5) = 4 0 % 
At every point on the tree diagram, the C B holder will choose the m a x i m u m 
value between the a V A and F, i.e. max{aVA,F}. W h e r e a V A is the value of the 
» 
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c o m p a n y after repayment to the debt holder a n d F is the C B value. From the 
diagram, it is clear that the C B will be converted at point A because at that point 
max.{0.4($150.25-84.80), $20} = $26.18. However, at other points, the value is less 
than $20; the values are $5.35，$2.95 and $0 at B, C and D respectively. Therefore, 
the value of convertible bond, Vcb 
—[0.7(0.7 X $26.18 + 0.3 x $5.35) + 0.3(0.7 x 2.95 + 0.3 x $0)" 
� b : ^ 
= $ 1 2 . 0 4 
There are 20,000 C B s in the market with a total value of 12.04 million, the 
value of each C B is $602. 
Since convertibles have the nature of call options, converting the C B prior to 
expiration is not economically beneficial. If the C B is exercised at point E, the value 
3fter conversion is V E C , 
,,厂广 f0.7 X 0.4 X ($150.25 - $84.8) + 0.3 x 0.4 x ($90.15 — $84.8)" 
VEC = -T^ ~ 1.1 
= $ 1 7 . 2 4 
If the C B is not converted at point E, its value will be V E N C , 
1 ,r,,P [0.7 X 0.4 X ($150.25 一 $84.8) + 0.3 x ($90.15 - $84.8)" 
VENC 二 — —^ 1.1 
二 $ 1 8 . 1 2 
Value of the c o m m o n stock, V e is 
V e = $100 -$72.06 - $12.04 = $15.90 





Valuation of W3fT3nts 
S u p p o s e c o m p a n y A B C decides to issue 1 million warrants with a strike price 
of $20 (pay $20 for one n e w share) with an expiration date 2 years from today. T h e 
calculated price is as follows: 
a = 1/2.5+ 1 = 0.286 
Warrants holders will only exercise if a ( V A + x) is greater than x’ where 
a=0.286, x=$20. I.e. 0.286(VA +20) > $20 => V A > $49.93 
At point A , the profit the holder receives is 0.286[($150.25-$84.8)+$20]-$20 
=$4.4387. Therefore, the value for the warrants ( V W ) is 
V W = [0.7x (0.7 X $4.4387+0.3 x $0) +0.3x(0.7 x$0+0.3 x$0)]/(1.1)^ 
= $ 1 . 8 
Since 1 million warrants are issued, the price of each warrant should be 
$1.8. 
W e also consider whether the C B holders is still willing to exercise at point A 
after c o m p a n y A B C issues the warrants. T h e C B holders will do so as long as 
underlying stock price is higher than the conversion price. From the calculation, the 
holders will receive, 0.286[($150.25 -84.8) +$20] = $24.4387 > $20, if they convert 
the bonds. In otherwords, they will continue the conversion. 
T h e n e w value of the C B is as follows 
Vcb = [0.7 X (0.7x$24.4387+0.3x$5.35)+ 0.3x (0.7x$2.95+0.3x$0)] / (1.lf 
=$11.33 
There are 20,000 convertible bonds issued to the market, the n e w value of 





T h e application of e m b e d d e d options is not confined to convertibles and 
warrants. Callable bonds represent another security that utilizes e m b e d d e d options. 
For convertible bonds, the underlying share price is the critical factor w h e n deciding 
to exercise or not to exercise the e m b e d d e d option. For callable bonds, whether the 
e m b e d d e d option will be exercised or not is heavily dependent on interest rates. 
For callable bonds, the e m b e d d e d option is a call provision that affords the 
issuer the right to redeem (call back) the bond at a pre-determined price before the 
maturity. For example, suppose, w h e n market interest rates are high, a c o m p a n y 
issues a bond with a high coupon rate. However, as time goes on interest rates fall. 
T h e firm would probably want to retire the high coupon debt and issue n e w bonds at 
a lower coupon rate to reduce interest payments.^® 
Decomposing the security m a y offer more insight and understanding. A 
callable bond is a simple combination of the straight bond and an option (the call 
provision) on interest rates that the investor has granted to the issuer. The 
components of a callable bond can be seen in the following equation: 
Callable bond value = Straight bond value - Call option value 
T h e investor in return, should receive an enhanced yield on the callable 




T h e option to call the bond is obviously valuable to the firm. It affords the 
issuer the right, w h e n interest rates fall to buy back bonds and refinance at lower 
interest rates. This is clearly advantageous for the issuer. But any gains for the 
issuer is a cost for the investor. T h e investors must forfeit their bonds, w h e n called, 
for the call price. T h e investors give up the prospect of an attractive rate of interest 
on their original investment. However, investors would not enter into a relationship 
that only offered potential downsides. Callable bond investors are compensated for 
this risk because callable bonds usually have higher coupons and promised yields 
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to maturity m o r e than those of straight bonds. 
Performance Characteristics of Callable Bonds 
From the above explanations it is easy to see that callable bonds are not 
very attractive w h e n interest rates are falling; because the bonds will be called. 
However, callable bonds b e c o m e increasingly attractive in rising-rate environments 
and decreasing volatility environments. T h e volatility attribute is related to the call 
option component of the security. Decreases in volatility have the direct effect of 
reducing the value of the call option e m b e d d e d within the callable bond. Options 
are worth more in periods of high volatility. In the case of the callable bond, the 
investor in a sense has sold a call option to the issuer of the bond. If volatility is low, 
the option that the bond issuer holds b e c o m e s worth less. If the option that the 
bond issuer holds b e c o m e s worth less it can be deduced that the bond that the 
investor holds b e c o m e s worth more because the call option has lost value; the total 




Callable bonds perform better than straight bonds in environments where 
market interest rates increase because the higher rates force the option to go out of 
the m o n e y (the option can no longer be exercised at the current existing levels). A n 
option's value decreases w h e n it goes out of the m o n e y . T h e bond's value is 
inversely related to the option's value. A s the option's value diminishes, the bond's 
value increases. Because the option-value decline adds value to the callable bond, 
the bond-price decline brought out by higher rates is s o m e w h a t softened. This 
reduces the effective duration of the bond. A s rates increase the effective duration 
of the bond decreases, and the callable bond outperforms the noncaliable bond, 
w h o s e duration is relatively inelastic.^® 
Perhaps the best w a y to b e c o m e more familiar with the properties of the 
callable bond is by taking a look at an example. S u p p o s e the c o m p a n y , LakeTech, 
can either redeem its callable bond for $90 in year 1 or for $100 in year 2. If the 
coupon rate of a callable bond is 10 percent, but the federal interest rate drops to 5 
percent, the c o m p a n y will probably redeem the bond and issue a n e w bond with a 
coupon rate closer to that of 5 percent. Since the redemption right belongs to the 
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c o m p a n y , investors perceive that the value of a callable bond should be equal to the 
value of a straight bond less the value of the call option. This is one of the critical 
differences between callable and convertible bonds. 
Valuation of a Two-vear Callable B o n d with the Salomon Brothers Model 
T h e Salomon Brothers Model can be used to determine the value of a two-




S u p p o s e LakeTech issues a two-year callable bond with "calling" prices of 
$90 and $ 1 0 0 in years 1 and 2 respectively. T h e tree diagram in next page depicts 
the scenario: 
Today Year 1 Year 2 
100 
B 1 ^ ^ 一 
88.50 ^ ^ 
A ^ U ^ < ^ _ _ > ^ 
81.93 | < f 2 \ 100 
^ N ^ r ^ > ^ — 
Z 2 \ 91.74 ^ ^ 
9 % < L 
~ ~ ^ ~ ~ 
100 
It is a s s u m e d that the price can m o v e up or d o w n with equal probability (1/2) 
over the next time period. If the spot rate at t = 0 is 1 0 % , the discount rate at t = 1 
can rise to 1 3 % or fall to 9 % . T h e value of straight bond can be calculated at t = 0 
and 1 from its price at t = 2 using the binomial formula: 
C = p C " + ( 1 - p ) C d  
— 1 + 厂 
W h e r e C is today's price, p is the probability of moving to the higher value, 
Cu is the upper expected value in next period, Cd is the lower expected value in next 
period, and r is the discount rate. 
Therefore, the price of straight bond at point 已 






the value of bond at point C , 
0 . 5 x $ 1 0 0 + 0 . 5 x $ 1 0 0 _ 7 4 
^ — • 
the b o n d price at point A , 
0.5x$88.5 + Q.5x$91.74 = ^^ 
^ l o — . 
Today Year 1 Year 2 
100 
B ^ / 100 
88.50 ^ ^ 
A Z 0 < ^ 
^ ^ 88.50 \ ^  
81.93 ^ ^ \ ^ 100 
0 . 7 9 < 二 0 
81.14 ^ \ ^ ^ C ^ ^ 100 
^ ^ 91.74 ^ ^ ^ 
1.74 < ^ 
90.00 ^ v ^  
^ s ^ 100 
0 
100 
At t = 2, the call price and the par value are equal to $100; leading to a value 
of zero for the call option. At t = 1，the call price is $90 and the expected value at 
point B is $88.5; this is less than the call price. Therefore, the intrinsic value of the 
call option is zero. At point C , the expected value is $91.74，which is greater than 
the call price; leading to an intrinsic value of $1.74 ($91.74 - $90) for the call option. 
A s presented earlier, issuers of callable bonds are in essence purchasing 
call options from investors that grant them the option to redeem the bond at any 
、 time. Therefore, from the investors' perspective, the value of a callable bond is 
» 
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equal to the value of a straight b o n d minus the value of a call option. At point C , the 
callable value is equal to $91.74 - $1.74 = $90. T h e value of the call option at time 
0， 0 . 5 x $ 0 + 0.5x$1.74 二 ^ ^ 
T 7 o _ • 
a n d the today's value of callable b o n d is equal to, $81.93 - $0.79，$81.14. It can 
also be calculated by using expected values of callable bond at time 1， 
0.5x$88.5 + 0 . 5 x $ 9 0 … “ 
=^ o i . T 4 
1.10 
Valuation of a Three-year Callable B o n d with the S a l o m o n Brothers Model 
T h e S a l o m o n Brothers M o d e l ( S B M ) can also be used for a three-period 
bond valuation. T h e s a m e logic can be applied to value callable bonds for longer 
periods of time. 
A s s u m e 
• 1-year spot rate 二 1 0 % 
• 2-year spot rate = 10.5% 
• 3-year spot rate = 11 % 
• Annual interest rate volatility = 2 0 % 
If the spot rates of the three years are linked together, it is considered a term 
structure of interest rate. It is very important for bond valuation, in fact, the market 
value of a bond is equal to, 
D c C C C + B 
PB=: + T + T + + 7T 
1 + r。i (1 + ½ ) ' (1 + r。3)3 (1 + T o ^ r 
W h e r e C is coupon payment, B is principal. 
After w e obtain the value of Pe, it can be put into the following equation, 
p = c I c I c I I C + f i 




W h e r e y is the yield to maturity, the relationship between spot rates and the 
yield to maturity can be found. Assuming that the yield curve is derived purely from 
the expectations of future interest rates, based on arbitrage arguments, the market 
consensus of future interest rates can be extrapolated from the yield curves. These 
rates are called forward rates and are equivalent to the discount rates used in the 
previous example and can be used to value a bond.^° 
W h e n valuing an option or a bond with an e m b e d d e d option, consideration 
must be given to interest rate volatility. This can be done by introducing a binomial 
interest rate tree. This tree is nothing more than a graphical depiction of the one 
period or short rates, over time, based on s o m e assumptions about interest rate 
volatility. Consider the following tree: 
Today Year 1 Year 2 Year 3 
100 
1/ ^^「uu " ^ C ^ 
V ^ r u < ^ ^ 1 0 0 
i o % < T ^ r . < f ^ 
、 〈 > -




In the tree, each node is labeled with a rate, r, and a subscript that indicates 
the path the one-year rate followed to arrive at its current destination. B a s e d on the 
spot rate, the discount rate or forward rate can be deduced. After the interest rate 
tree is constructed and the call prices determined, the value of the straight bond at 
each node can be calculated. This in turn allows for the values of the callable 
bonds and call options to be deduced. 
Step1: Determination of r^  and「d 
If only the discount rate is considered, the value of a two-year bond at time = 
1 is 1 1 
0 . 5 x - ^ + 0 . 5 x ~ ~ — 
1 +厂 " 1 +厂 " 
A n d the value at time = 0 is 
0 . 5 x - l - + 0 . 5 x - L _ /1.10 
_ 1 + r^  1 + r^_ 
T h e discount value of two-period bond can be calculated by its spot rate, 
1 
(1 + 0 . 1 0 5 ) 2 
Therefore 
0 . 5 x - ^ ^ + 0 . 5 x - ^ ^ /1.10 = (1) 
_ 1 + 厂“ 1 + 厂“」 （1 + 0 . 1 0 5 ) 2 
A n d by definition, the relationship between r^  and「d is as follows, 
0.5ln ^ =Q.2 = Q (2) 
Jd _ 
By solving equations (1) and (2) 
ru = 0.13225, r^  = 0.08865 
» 
28 
Step 2: Determination of「叫，「ud and「dd 
If only the discount rate is considered, the rate of a three-year bond at time = 
2 is 
1 1 A = 0.5x + 0.5x and 
^ + ruu 1 + ^ ud 
A=0.5x~- + 0 . 5 x ~ - ~ " 
1 + a^d 1 + 厂如 
A n d the value at time = 1 
0 . 5 x ^ ^ + 0 . 5 x - ^ (3) 
1 + 厂£/ 1 + 厂“ 
T h e discount value of three-period bond can also be calculated by its spot 
rate, 
7 " ~ ^ ^ = 0.7312 (4) 
(1 + 0.11)3 
Therefore, (3) = (4)x1.1 
0 . 5 x - ^ ^ + 0 . 5 x - ^ = 0.7312x1.1 (5) 
1 + 厂， 1 + r^  
Moreover, by definition, 
0.5ln ^ =0.2 (6) 
Jud _ 
0.5ln ^ =0.2 (7) 
/dd _ 
By solving equations (5), (6) and (7), the discount rates at time 2 are 
、 fuu = 0.174, fud = 0.117’ rdd = 0.078 
» 
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T h o s e rates can be put into the interest rate tree as follows: 
TnHav Ypar 1 Ypar 9 Y ^ r .^  
^ ^ 100 
1 ^ ^ 0 . 1 7 4 < r 
> ^ 。 1 3 < ^ 〉 1 0 0 
概 < ^ ^ 。 . 1 1 7 < ^ 
� � 9 ( > -
0.078<r 
100 
With the interest rate tree and pre-determined call prices, say $80 at t = 1， 
$90 at t = 2, and $100 at t = 3, the value of a three period bond at each node can 
be calculated using similar logic to that presented earlier. Note the tree diagram: 
Today Year 1 Year 2 Year 3 
100 Straight B o n d 
. 0 Call Option  
^ ^ 100 Callable B o n d 
85.18 ^ ^ ‘ ^ 
A ^ y ^ 85.18 ^ ^  
r ^ < ^ ^ ^ 、 r a 
~ Z 77.3? ^ ~ ~ Z ^ 
73.15 ^ ^ \ > ^ 89.53 ^ ^ 
1-65 ^ ) 0 \ 
71.50 \ ^ B Z 89.53 ^ \  
— ^ \ r i ^ ^ — \ p s 
3.62 < ^ ^ 1 0 0 
(X=1.27) ^ \ Z _ J ^ 
80.00 ^ V . 92.76 Z 
2.76 <v,^^ 
90.00 ^ v ^  






T h e numbers in the first row are the values of the straight bond, the numbers 
in the second row represent the values of the call option. T h e last numbers indicate 
the values of the callable bond. 
T h e European call option at time 1 is equal to X , 
X = 0.5x$0 + 0.5x$2.76 = $^ 刀 
- ^ 0 9 -
Since the intrinsic value of the call option at point B is $3.62, (which is 
greater than X), LakeTech will redeem the bond. T h e value of an American-style 
call option at t =1 can be calculated from its intrinsic values at points A and B, 
$1.65. By subtracting $1.65 from the straight bond value, the value of the callable 
bond is determined: $73.15-$1.65 = $71.50. 
Black, D e r m a n & Tov Model (BDT) 
Although the Salomon Brothers Model is simple, it is not commonly used by 
financial institutions. The Black, D e r m a n & Toy Model is considered more 
applicable.22 Table1 gives the a s s u m e d market term structure. 
Maturity Yield Yield Volatility 
O^ears) ( ^ (%) 
1 10 20.00 
2 11 19.00 
3 12 17.20 




Interest rate tree simi!arto previous example is used. 
Today Year 1 Year2 Year3 
100 
1/ ^ / 「 u u < [ ^ ^ 
/ ^ r u < 〉 1 0 0 
1 。 < ^ r . < f 
、（〉i°。 
\ 100 
step 1: Determination of r^  and「d 
0 . 5 x ~ l ~ + 0 . 5 x ~ ^ /1.10 = 
_ 1 + 厂" 1 + 引 （1 + 0 . 1 1 ) 2 
0.5ln ^ =0.19 
Jd_ 




Step 2: Determination of「叫，fud a n d fdd 
~ ~ 1 ~ ^ = 0 . 5 x ~ ~ l ~ + 0 . 5 x ^ L _ /1.1432 (8) 
( i + y J 2 L 1+厂“" 1 + 厂“"」 
~ ~ 1 ~ ^ = 0 . 5 x ~ ^ ! ~ " + 0 . 5 x ~ ~ l ~ /1.0979 (9) 
(1 + Vd) L ^ + ^ud 1 +。 d」 
In Equations (8) & (9), the value in the bracket of the right-hand-side 
equation is the 3-period bond value at t = 2. At t = 2，discount rates 0.1432 and 
0.0979 are used to discount the values found in the above brackets and produce 
the n e w discounted value at t = 1. T h e value at t = 1 is further discounted by 0.10 to 
today's price. This is equivalent to the discount value of a 3-period b o n d with its spot 
rate. That is: 
- ^ = 0 . 5 x - ~ ~ ^ + 0 . 5 x - ~ ~ 1 ^ /1.1 (10) 
1.123 [ (1 + y J 2 (i + y , f J 
B y definition 
0.5ln ^ = 0 . 1 7 2 (11) 
/d _ 
B y solving equations (8), (9), (10) and (11) the following can be determined: 
fuu = 0.1942，fud = 0.1377，「dd = 0.976 
T h e B D T m o d e l can also be used to evaluate callable bonds with coupons. 
For example, an annual coupon of $ 1 0 can be divided into three zero coupon 




Value of P D B 1 
/ 1 � 
9 . 0 9 < ^ 
10 
^ _ 0.5x$10 + 0.5x$10 二 9 09 
= ^7^ — • 
Value of P D B 2 
8 ， 2 � c Z 1。 
9.11 < ^ 
\ 10 
B = 0.5x$10 + 0.5x$10 二 75 
- 1.1432 一 • 
^ 0.5x$10 + 0.5x$10 . - , . 
o = = $ 9 . 1 1 
1.0979 





Value of P D B 3 
110 
o / 
< 9 2 . 1 1〈 
82.58 c：；^ ^ ^ 110 
J ^ 9 6 % < ^ 
89.68 <^"^^^ ^ ^ \ 110 
\ F ^ 
100.22< 
^ - 110 
D = 0 . 5 x $ 1 1 0 + 0 . 5 x $ 1 1 0 i 
1.1942 
E = a 5 x $ i i 。 + a 5 x $ i i 0 9 
1.137 
^ = 0 - 5 x $ 1 1 0 + 0 - 5 x $ 1 1 0 2 2 
1.0976 
B = Q-5x$92.11 + 0.5x$96.69 = ^^ 
- 1.1432 一 • 
C = Q-5x$96.69 + Q.5x$100.22 ^ ^3 
1.0979 
^ ^ 0 . 5 x $ 8 2 . 5 8 ^ 0 . 5 x $ 8 9 . 6 8 ^ 3 Q 
1.10 
‘ 35 
T h e following tree diagram is formed by adding P D B 1 , P D B 2 & P D B 3 
together and subtracting $10 of accrued interest on each coupon date. 
<
100 
Z 92.11 < ^ 
91.33 < ^ ^ ^ 100 
Z 96.69 < ^ 
98.79 < ^ ^ ^ 100 
1 0 0 . 2 2 < ^ 
\ 100 
S u p p o s e the call prices at years 1 and 2 are $95 and that at year 3 the call 
price is $100. T h e intrinsic value of call option can be determined. 
Today Year 1 Year 2 Year 3 
100 Straight B o n d 
<
0 Call Option 
^ ^ 100 Callable B o n d 
92.11 ^ y ^  
^ y ^ 92.11 ^ \  
r ^ < ^ ~ ~ \ : 
(X1=0.74) \ ^ Z 105 
93 45 \ ^ 96.69 ^ ^ 
) 1.69 < 
Z 95.00 ^ \  
r ^ < r ~ ~ > 同 
( X 2 = 3 1 5 ) \ ^ Z _ J ^ 
95.00 \ ^ 100.22 ^ y ^ 
5.22 < s ^ 
95.00 ^ \  




Please note that the value of an American style call option is different from 
that of a European-style one. X i and X2 represent the values of the European-style 
call option at t = 1 
_ 0 . 5 x $ 0 + 0.5x$1.69 4 
1 — 1.1432 
V 0.5x$1.69 + 0.5x$5.22 . . _ 
X , 二 = 4)o. 10 
2 1.0979 
A n d the call option at time 0 is 
0.5x$0.74 + 0.5x$3.15 … _ ^ 
二 ^n. 1 ( 1.10 
T h e value of an American style call option is calculated in another w a y . 
Since Xi (which is equal to $0.74) is greater than 0 the c o m p a n y will not redeem the 
b o n d at that point. However, X2 (which is equal to $3.15), is less than 3.79, and 
hence, the c o m p a n y will redeem the bond. B a s e d on the greater values at these 
two points, 0.74 and 3.79，the value of an American style call option at t = 0 is equal 
to: 
Q.5x$0.74 + Q.5x$3.79 = ^^ 
T7To _ . 
Since the American style call option allows the issuers to call the bond at any 
time, it has a greater time value and therefore m o r e valuable than the European-
style option. T h e value of a callable bond with an American style call option is equal 
to the straight bond value minus a call option: 95.51-2.06 = 93.45. Actually, a 
computerized program is prepared to calculate the values of this three-year callable 
bond and its call option. It is saved as a MS-Excel file n a m e d as "example.xls" and 
can be found from the attached diskette. Detailed instructions for operations can be 





M a n y bonds are not paid in full by o n e lump s u m at maturity. Instead，the 
b o n d s are continually amortized over the maturity through a sinking-fund provision.^^ 
Historically, sinking funds started as investment funds designed to gather the assets 
necessary to retire debt at maturity. Today, the issuer of a typical sinking fund is 
committed to retire a portion of the original principal on a yearly basis, instead of a 
single p a y m e n t at maturity. B e c a u s e sinking funds follow a structure that calls for 
the retiring of debt as the economic lifetime of the underlying assets diminishes, a 
result is the strengthening the credit of the issuer.^^ Basically, by utilizing a "pay-as-
you-go" set-up, the sinking-fund provision reduces risk for the investor and in turn 
the credit of the issuer is improved. 
U p o n analyzing the global debt market, the prevalence of sinking fund bonds 
can not missed. In the United States, the sinking fund provisions appear in various 
issues of industrials, gas pipelines, electric utilities and municipalities, as well as in 
preferred stock. In 1992 it w a s estimated that close to 5 0 % of the current 





Advantages for the Investor 
Sinking-fund provisions offer three advantages for the investor:^® 
(i) T h e sinking-fund requirement allows for a systematic retirement of the debt so 
that the final payment, at maturity will not be too large. 
(ii) T h e provision strengthens the liquidity of s o m e debt, especially for the smaller 
issues with thin secondary markets. 
(iii) T h e prices of bonds with sinking-fund provisions are thought to be more stable 
because the issuer m a y b e c o m e an active participant on the buy side w h e n 
prices fall. 
Because of these advantages, all other things being equal, the yields on the 
bonds with sinking-fund provisions tend to be less than those on bonds without 
them. For example, if C o m p a n y M B G issues a straight bond, and a bond with 
sinking-fund provisions, and all other are equal, except for the sinking fund 
provision. T h e bond with the sinking fund provisions would offer a lower yield to 
maturity due the advantages forthe investor outlined above. 
Disadvantages for the Investor 
Sinking fund provisions can also create disadvantages for the investor, 
(i) S u p p o s e that an investor is holding one of the early bonds to be called for a 
sinking fund. T h e time and effort, the investor put into analyzing the bond, is 
useless. T h e investor subsequently has to decide which new financial 
instruments to purchase. 
» 
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(ii) A n investor holding a bond with a high coupon at the time rates begin to fall m a y 
be forced to relinquish the securities due to the provision. Because of this, 
during periods of high interest rates, investors will most likely d e m a n d higher 
yields from bonds with sinking-funds than from other debt.^^ 
Methods U s e d by Issuers for Early B o n d Redemption 
Bruno Solnik from the H.E.C. School of M a n a g e m e n t outlined three methods 
used by Issuers for early bond redemption in his text, International Investments;^^ 
1. Lot drawing at par. Following a grace period part of the bond 
issue is repaid according to a fixed schedule. T h e bonds to be 
repaid are drawn at random and reimbursed at par value. 
2. Market repurchase. Part of the bond issue is repaid according 
to a fixed schedule by which it is purchased in the market at 
market prices. 
3. Issuing of serial bonds. Serial bonds each have a serial 
number, and each series has a different maturity and yield. 
Investors k n o w at issue which bond will be reimbursed and 
w h e n . This method is seldom used because each series 
represents a different bond, which reduces the liquidity of the 
issue. 
A combination of methods can also be used. For example, it m a y be agreed 
that the issuer can meet the redemption schedule by either drawing bonds at par or 
repurchasing them in the market. This flexible arrangement greatly benefits the 
issuers because it allows them to choose the least costly redemption method 
possible at any given time. O n the other hand, any advantage for the issuer is 




Valuation of Non-callable Sinking F u n d B o n d s 
A s with Callable Bonds，the Black, D e r m a n & T o y M o d e l can be used to 
value a Sinking F u n d B o n d . 
Valuation of Sinking F u n d B o n d without Early Redemption Option 
Today Year 1 Year 2 Year 3 
100 
• < 
< 9 1 . 3 3 < \ 100 
^ ^ 9 6 6 9 < ^ ^ ^ 
98.79 < ^ ^ ^ 100 
^ 1 0 0 . 2 2 < ^ 
^ - 100 
Supposing that a c o m p a n y issues a sinking fund bond, it r e d e e m s one third 
of the b o n d each year, it is s h o w n as the following diagram. 
1/3 1/3 1/3 
0 1 2 3 
» 
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Since the c o m p a n y has to r e d e e m the final third of the b o n d s in the last 
year, it actually enjoys call options in the first a n d second year (not the third year). 
T h e value of the sinking fund b o n d is equal to the value of a straight b o n d minus 
o n e third of the value of a call option at t = 2 a n d one-third of the value of a call 
option at t = 1. 
If the call price of sinking b o n d fund is $100，the value of European-style call 
option is 0.044，which is s h o w n in the following diagram: 
r7^ 
0 . 0 4 4 < N ^ ) 0 
^ \ A ^ ^ 
0 . 0 9 6 < ^ 
0.22 
T h e value of call option at time1. 
区 




T h e B D T m o d e l can also be used to value a sinking fund bond with a 
coupon. For example, suppose, a sinking fund bond has a $15 coupon to be paid 
annually. This sinking fund bond can be divided into three zero coupon bonds. T h e 
$ 1 5 coupon in the first year is PDB1，the $15 coupon in the second year is P D B 2 & 
the $ 1 1 5 payment in the final year is P D B 3 . 
Value of P D B 1 
z ' 
1 3 . 6 4 < ^ 
15 
Value of P D B 2 
l A � c 1 5 





Value of P D B 3 
115 
o / 
< 9 6 . 3 0〈 
86 33 < ^ ^ ^ \ 115 
J ^ 1 0 f . 0 8 < ^ 
93.75 <^"^^^^ ^ \ 115 
\ F / 
104.77<Q 
^ ^ 115 
S u m the values of P D B 1 , P D B 2 & P D B 3 and subtract $15 of accrued 
interest on each coupon date. Refer to the following tree diagram. 
100 
< 9 6 . 3 0 < ； ^ 
99.45 < ^ \ ^ 100 
J ^ 1 Q 1 G 8 < ; ^ 
107.41 < ^ ^ ^ 100 
^ 1 0 4 . 7 7 < ^ 




W h e n the c o m p a n y r e d e e m s the b o n d at $100, the value of the second year 
call option is $1.42. 
, 4 2 〈 c Z 1。 8 
2.66 < ^ 
4.77 
• 
T h e value of first year call option is $3.37 
A / ° 
3 . 3 7 < ^ 
7.41 
T h e value of sinking fund b o n d will be 





Valuation of Callable Sinking F u n d B o n d 
T h e s a m e tree diagram is used 
100 
< 9 6 . 3 0 < ； ^ 
99.45 < ^ ^ \ 100 
^ ^ 1 0 1 0 8 < ^ ^ 
107.41<；^ ^ \ 100 
^ 1 0 4 . 7 7 < ； ^ 
^ - 100 
S u p p o s e the c o m p a n y can redeem the bond with call prices of $107, $105 
and $102 at t = 0，1 and 2 respectively. Further, all other terms are kept the s a m e 
as in the pervious case, but the pricing method will be different. T h e call option of 
the sinking fund bond at t = 3 will be equal to 0. Since the c o m p a n y can pay $102 
and $105 to redeem the bond at points C and 已 respectively, the intrinsic value of 
the call option at point C will be $2.77; and the intrinsic value at point 巳 will be 
$107.41-$105 = $2.41. T h e European-style call option value at point B is 
0.5x$0 + 0.5x$2.77 .,。公 





W h e n the intrinsic value is greater than the call option value, the c o m p a n y 
will r e d e e m the bond. In this example, the intrinsic value at point A is $107.66-$107 
=0.66，but the value of the call option is 
0 . 5 x $ 0 + 0.5x$2.41 … 化 
二 it>n.nu 1.10 
Since the intrinsic value is less than the call option value, the c o m p a n y will 
not r e d e e m the b o n d at this point. 
<:众： 
2.41 < ^ ^ ^ 0 
_ \ c Z 
104.77-102 "^C^^^ 
=2.77 ^ \ ^ ^ ^ 




VALUATION OF A CALLABLE BOND 
BY A COMPUTERIZED PROGRAM 
In the earlier chapter on callable bonds, both the S o l o m o n Brothers Model 
and the Black, D e r m a n and Toy Model were introduced. T h e s e two models utilize 
the binomial interest rate tree to calculate the discount rate at each node. A n d as a 
result the valuation of a two-year or three-year zero-coupon callable or even three-
year callable with coupon payment can be calculated. However, the calculations 
illustrated in the callable bond chapter are extremely complicated and require 
numerous equations to solve for the discount rate and in turn the value of a callable. 
Therefore, limitations m a y exist in the calculation of a longer period callable. 
Furthermore, the yield curve actually changes on a daily basis. This m e a n s that the 
complex procedure for valuation must be performed each time there is a change in 
the yield curve. Therefore, a computerized program is the best tool to determine the 
discount rate, which in turn leads to the valuation of the callable. 
W e developed a computerized program to determine the value of a callable 
bond up to thirty years. T h e program is c o m p o s e d of two parts; an interest rate tree 
and a callable bond binomial tree. T h e following are the system requirements and a 




• 4 8 6 or Pentium IBM compatible P C . 
• M S - W i n d o w 9 5 
• MS-Excel Professional 97 
Openinci the program file 
1. Start Excel 
2. Insert the diskette into 3 ½ floppy drive 
3. Click O p e n icon, select 3 ½ floppy drive and then a file n a m e d as “model.xls” 
4. Double click it or click open to run it 
5. A dialogue box of asking whether enabling the macro m a y be appeared w h e n 
the file is opening, choose "Enable Macros" if the disk is not infected by any 
virus. Otherwise, s o m e of the functions of the program cannot be executed. 
Manual for using the program 
After opening the file, two spreadsheets should appear, the first one is 
labeled "IRT" and the second one is labeled "CB." T h e first one is used to construct 
the binomial interest rate tree while the second one is used to calculate both the 
values of a callable and its e m b e d d e d option. 
W e strongly suggest w h e n using this program for the first time to use the 
data set provided in appendix 11 as a practice guide. 
Construction of Interest Rate Tree 
T h e user should find an input table on the "lRT" spreadsheet. T h e fields are: 




the "maturity" field, all the other fields must be either filled by the user or calculated 
by the program in order to construct the interest rate tree. 
T h e Operating Procedures 
1. Input the Yield of the bond. (i.e. input 10 for 1 0 % ) 
2. Input Par Value of the bond 
3. Input C o u p o n Rate of the bond. (i.e. input 10 for 1 0 % ) 
4. If the market price is provided in the data sheet, input the Market Price field as 
well. Otherwise, leave the field blank in this step (Note a). 
5. Repeat steps 1 to 4 until all data has been input 
6. Input the volatility or vega value. This m o d e l is designed for constant annual 
volatility, so only one vega value is allowed. 
7. If no market price is provided in the data sheet, press button |MP| to calculate the 
market values, the program will generate the values and put into the 
corresponding fields automatically. After calculating market price of one period, 
the program will s h o w the result in a dialogue box, click | ^ button to continue 
the process. 
8. U p to this step, all the data required to construct the interest rate tree should be 
already filled in (Note b). Press the | ^ button, the program will generate the 
spot rate for each period and put the results into the corresponding fields 
automatically. After calculating one period of spot rates, a dialogue box will 
appear to ask the user whether he or she wants to calculate the rate of next 
period. T h e user can choose the |Yes | button to continue the process or the |N^ 
button to terminate the program. After the whole process, another dialogue box 
will appear to remind the user that the calculation of the spot rates is complete. 




(a) M a k e sure the market price quoted in the data sheet is calculated on an annual 
basis. This m e a n s that the coupon is paid annually, not semi-annually or at 
other time intervals. This is necessary because the program is designed for an 
annu3l b3sis. 
(b) T h e program will stop generating the market price or the spot rates if there is 
any missing data in between the data set. S o m a k e sure that all the fields are 
filled in that are necessary to complete the interest rate tree. 
T h e interest rate tree is actually s h o w n from cells J94 to J97. Different 
figures in the node represent different values and they are s h o w n in the legend next 
to the tree. T h e first cell is the value of a straight bond. T h e second cell is the 
coupon payment and the third one is the discount rate of a particular node. Apart 
from clicking the _ button at the input table to calculate the spot rates, the other 
SP2| button can also be used. It is r e c o m m e n d e d to use this button, especially if the 
user wants to observe h o w the interest rate tree is constructed. 
Valuation of a Callable B o n d 
Spreadsheet "CB" is designed to calculate the value of a callable bond, it is 
applicable to bonds, which have yield to maturity up to thirty years. A s mentioned in 
the chapter of callable bonds, the e m b e d d e d option m a y be exercised by the issuer. 
T h e bond value at a node must be changed to reflect what would happen if the 




1. T h e input table can be found from cells starting at "A155" of the spreadsheet 
"CB." In order to start the valuation process, pressing button |lnput Data| , the 
program will navigate the user interactively 
2. After pressing the |lnput Data| button, an input box will appear and ask for the 
par value of a callable. T h e user should Input a n u m b e r in the space provided 
and press the 函 button or the |Enterj key of keyboard (Note a). 
3. After entering the par value, another input box will appear. This box asks for the 
coupon rate. T h e user should input a rate from 0 % to 1 0 0 % and then press the 
Enter] key or 國 button. 
4. T h e user should input a year of maturity (an integer is r e c o m m e n d e d otherwise 
the program will round it off to the nearest integer). T h e valid years are only from 
one to thirty. A n y invalid n u m b e r will prompt the program to ask the user to re-
enter the data. In addition, the year of maturity of a callable cannot be longer 
than the largest one of the interest rate tree. This is because the program 
cannot calculate a correct value of callable bond without the appropriate interest 
rate tree. In this case, the program will ask the user to re-enter the value of 
maturity. 
5. T h e program is able to calculate the callable bond with a call protection period 
and/ or a different call price in different periods. 
A dialogue box will appear to ask the user whether the bond is callable at a 
certain period. If it is callable, the user should choose the ^ ^ button. The 
program will request the user to input the call price. If it is not callable at that 
period, the 因 button should be pressed and a dash (-) will automatically appear 




(a) This program only accepts numbers in a valid range. If characters are input, the 
program will end automatically. Moreover, if the |Cancel| button in the input box is 
pressed, the program will also stop. 
(b) lf a user stated that the bond is callable in a period but leaves the input field of 
the call price empty, the program will a s s u m e the call price is zero. 
After inputting all the data, the program will generate varied figures and 
s h o w n in the binomial tree next to the table. Each node has six different figures as 
s h o w n in table 2. 
Legend:~~Straight bond value 97.828~~ 
Callable bond value 97.828 
Intrinsic value of option 8.828 
Lower value of callable 89.000 
vaiue/ call price 
Coupon payment 6.500 
Discount rate 8.8650% 
Table 2~~A Node ofthe Binomial Tree for a Callable 
T h e first one in the dark green box is the value of a straight or option free 
bond with the s a m e par value, coupon rate and maturity of the callable. The second 
data is the value of a callable bond. T h e value at node 0 is actually the calculated 
market price of the callable bond, which is the s a m e as that in the table. The fourth 
value is the most important one, as it is a "comparison" of the call price and the 
value of the callable bond at a particular node. T h e lesser of the numbers will be put 
into that cell and it is used in sequence calculation. If the call price is entered in that 
cell, the value will be shown in red. That m e a n s the issuer m a y call the bond at 




will call the bond (a detailed explanation of the call rule will not be discussed here). 
Basically, it involves determining w h e n it would be economical for the issuer on an 
after-tax basis to call the issue.^^ 
T h e value in the third cell of a node is regarded as the intrinsic value of the 
call option. T h e call price of the callable is regarded as the exercise price of the call 
option. A n d the value of the callable is like the "underlying stock price". If the call 
price is larger than the calculated callable value, the intrinsic value will be equal to 
zero. Otherwise, the intrinsic value is equal to the difference of the callable value 
a n d the call price, which should be larger than zero. T h e blue cell is the coupon 
payment, this is equal to the par value times the coupon rate. T h e light blue cell is 
the discount rate and it is the s a m e as that generated from the interest rate tree. 
T h e value of the call option will be equal to the value of the option-free bond minus 
the value of the callable bond at t=0. In addition, users can use the program to 
calculate the value of the example of callable bonds s h o w n in the earlier chapter of 
callable bonds. 
If the yield curve of the bond market has been changed, the user needs to 
run the program again to reconstruct the interest rate tree and thus to calculate the 
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A P P E N D I X 丨 
T A B L E O F C A L L O P T I O N V A L U E S , P E R C E N T O F S H A R E P R I C E 
S H A R E P R I C E D I V I D E D B Y P V (EXERCISE P R I C E ) 
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S 1.35 27.9 30.5 33.0 35.2 37.3 39.3 41.1 42.8 44.4 45.1 45.7 46.3 46.8 47.4 47.9 48.5 49.0 49.5 50.0 
Q 1.40 29 9 32 5 34.9 37.1 39.2 41.1 42.9 44.6 46.2 46.8 47.4 47.9 48.5 49.0 49.6 50.1 50.6 51.1 51.6 
Q 1.45 31.9 34.5 36.9 39.1 41.1 43.0 44.7 46.4 47.9 48.5 49.0 49.6 50.1 50.7 51.2 51.7 52.2 52.7 53.2 
% 1.50 33.8 36.4 38.8 40.9 42.9 44.8 46.5 48.1 49.6 50.1 50.7 51.2 51.8 52.3 52.8 53.3 53.7 54.2 54.7 
i 1.55 35.8 38.4 40.7 42.8 44.8 46.6 48.2 49.8 51.2 51.8 52.3 52.8 53.3 53.8 54.3 54.8 55.3 55.7 56.2 
< 1.60 37.8 40.3 42.6 44.6 46.5 48.3 49.9 51.4 52.8 53.4 53.9 54.4 54.9 55.4 55.9 56.3 56.8 57.2 5/.b 
t 1.65 39.7 42.2 44.4 46.4 48.3 50.0 51.6 53.1 54.4 54.9 55.4 55.9 56.4 56.9 57.3 57.8 58.2 58.6 59.i 
1,70 41.6 44.0 46.2 48.2 50.0 51.7 53.2 54.7 56.0 56.5 57.0 57.5 57.9 58.4 58.8 59.2 59.7 60.1 60.i 
1.75 43.5 45.9 48.0 50.0 51.7 53.4 54.8 56.2 57.5 58.0 58.5 58.9 59.4 59.8 60.2 60.7 61.1 61.5 bi.o 
2.00 52.5 54.6 56.5 58.2 59.7 61.1 62.4 63.6 64.6 65.0 65.4 65.8 66.2 66.6 66.9 67.3 67.6 67.9 器.】 
2.25 60.7 62.5 64.1 65.6 66.8 68.0 69.1 70.0 70.9 71.3 71.6 71.9 72.2 72.5 72.8 73.1 73.4 73./ '^ -
2.50 67.9 69.4 70.8 72.0 73.1 74.0 74.9 75.7 76.4 76.7 77.0 77.2 77.5 77.7 78.0 78.2 78.4 78.7 i ^ 
2.75 74.2 75.4 76.6 77.5 78.4 79.2 79.9 80.5 81.1 81.4 81.6 81.8 82.0 82.2 82.4 82.6 82.7 82.y o ^ 
3.00 79.5 80.5 81.4 82.2 82.9 83.5 84.1 84.6 85.1 85.3 85.4 85.6 85.8 85.9 86.1 86.2 86.4 8b-^ ^^^ 
3.50 87.6 88.3 88.8 89.3 89.7 90.1 90.5 90.8 91.1 91.2 91.3 91.4 91.5 91.6 91.6 91.7 91-8 9J-^ ^^^^ 
4.00 92.9 93.3 93.6 93.9 94.2 94.4 94.6 94.8 94.9 95.0 95.0 95.1 95.2 95.2 95.3 95.3 95.4 S3- g^g 
4.50 96.2 96.4 96.6 96.7 96.9 97.0 97.1 97.2 97.3 97.3 97.3 97.4 97.4 97.4 97.5 97.5 97.5 ^ _ ^33 
5.00 98.1 98.2 98.3 98.3 98.4 98.5 98.5 98.6 98.6 98.6 98.6 98.7 98.7 98.7 98.7 98.7 gg^^__f_j  
Note: Based on Black-Scholes model. To obiain corresponding European put values, add present value of exercise pnCL ai 
subtract share price. 
~ Source: Richard A. Brealey and Stewart C. Myers, Principles of Coroorate Finance (5^ Edition), 




S H A R E P R I C E D I V I D E D B Y P V ( E X E R C I S E P R I C E ) 
1.02 1.04 1.06 1.08 1.10 1.12 1.14 1.16 1.18 1.20 1.25 1.30 1.35 1.40 1.45 1.50 1.75 2.00 2.50 
3.1 4.5 6.0 7.5 9.1 10.7 12.3 13.8 15.3 16.7 20.0 23.1 25.9 28.6 31.0 33.3 42.9 50.0 60.0 .05 
5.0 6.1 7.3 8.6 10.0 11.3 12.7 14.1 15.4 16.8 20.0 23.1 25.9 28.6 31.0 33.3 42.9 50.0 60.0 .10 
7.0 8.0 9.1 10.2 11.4 12.6 13.8 15.0 16.2 17.4 20.4 23.3 26.0 28.6 31.1 33.3 42.9 50.0 60.0 .15 
8.9 9.9 10.9 11.9 13.0 14.1 15.2 16.3 17.4 18.5 21.2 23.9 26.4 28.9 31.2 33.5 42.9 50.0 60.0 .20 
10.9 11.8 12.8 13.7 14.7 15.7 16.7 17.7 18.7 19.8 22.3 24.7 27.1 29.4 31.7 33.8 42.9 50.0 60.0 .25 
12.8 13.7 14.6 15.6 16.5 17.4 18.4 19.3 20.3 21.2 23.5 25.8 28.1 30.2 32.3 34.3 43.1 50.1 60.0 .30 
14.8 15.6 16.5 17.4 18.3 19.2 20.1 21.0 21.9 22.7 24.9 27.1 29.2 31.2 33.2 35.1 43.5 50.2 60.0 .35 
16.7 17.5 18.4 19.2 20.1 20.9 21.8 22.6 23.5 24.3 26.4 28.4 30.4 32.3 34.2 36.0 44.0 50.5 60.1 .40 
18.6 19.4 20.3 21.1 21.9 22.7 23.5 24.3 25.1 25.9 27.9 29.8 31.7 33.5 35.3 37.0 44.6 50.8 60.2 .45 
20.5 21.3 22.1 22.9 23.7 24.5 25.3 26.1 26.8 27.6 29.5 31.3 33.1 34.8 36.4 38.1 45.3 51.3 60.4 .50 ⑵ 
H 
22.4 23.2 24.0 24.8 25.5 5I6.3 27.0 27.8 28.5 29.2 31.0 32.8 34.5 36.1 37.7 39.2 46.1 51.9 60.7 .55 > 
24.3 25.1 25.8 26.6 27.3 28.1 28.8 29.5 30.2 30.9 32.6 34.3 35.9 37.5 39.0 40.4 47.0 52.5 61.0 .60 g 
26.2 27.0 27.7 28.4 29.1 29.8 30.5 31.2 31.9 32.6 34.2 35.8 37.4 38.9 40.3 41.7 48.0 53.3 61.4 .65 > 
28.1 28.8 29.5 30.2 30.9 31.6 32.3 32.9 33.6 34.2 35.8 37.3 38.8 40.3 41.6 43.0 49.0 54.0 61.9 .70 g 
29.9 30.6 31.3 32.0 32.7 33.3 34.0 34.6 35.3 35.9 37.4 38.9 40.3 41.7 43.0 44.3 50.0 54.9 62.4 .75 口 
31.8 32.4 33.1 33.8 34.4 35.1 35.7 36.3 36.9 37.5 39.0 40.4 41.8 43.1 44.4 45.6 51.1 55.8 63.0 .80 3 
33.6 34.2 34.9 35.5 36.2 36.8 37.4 38.0 38.6 39.2 40.6 41.9 43.3 44.5 45.8 46.9 52.2 56.7 63.6 .85 > 
35.4 36.0 36.6 37.3 37.9 38.5 39.1 39.6 40.2 40.8 42.1 43.5 44.7 46.0 47.1 48.3 53.3 57.6 64.3 .90 H 
37.2 37.8 38.4 39.0 39.6 40.1 40.7 41.3 41.8 42.4 43.7 45.0 46.2 47.4 48.5 49.6 54.5 58.6 65.0 .95 0 
38.9 39.5 40.1 40.7 41.2 41.8 42.4 42.9 43.4 44.0 45.2 46.5 47.6 48.8 49.9 50.9 55.6 59.5 65.7 1.00 ^ 
40.6 41.2 41.8 42.4 42.9 43.5 44.0 44.5 45.0 45.5 46.8 48.0 49.1 50.2 51.2 52.2 56.7 60.5 66.5 1.05 g 
42.3 42.9 43.5 44,0 44.5 45.1 45.6 46.1 46.6 47.1 48.3 49.4 50.5 51.6 52.6 53.5 57.9 61.5 67.2 1.10 m 
44.0 44.6 45.1 45.6 46.2 46.7 47.2 47.7 48.2 48.6 49.8 50.9 51.9 52.9 53.9 54.9 59.0 62.5 68.0 1.15 ^ 
.45.7 46.2 46.7 47.3 47.8 48.3 48.7 49.2 49.7 50.1 51.3 52.3 53.3 54.3 55.2 56.1 60.2 63.5 68.8 1.20 o 
47.3 47.8 48.4 48.8 49.3 49.8 50.3 50.7 51.2 51.6 52.7 53.7 54.7 55.7 56.6 57.4 61.3 64.5 69.6 1.25 g 
48.9 49.4 49.9 50.4 50.9 51.3 51.8 52.2 52.7 53.1 54.1 55.1 56.1 57.0 5 7.9 58.7 62.4 65.5 70.4 1.30 g 
50.5 51.0 51.5 5 2.0 52.4 52.9 53.3 53.7 54.1 54.6 55.6 56.5 5 7.4 58.3 59.1 59.9 63.5 66.5 71.1 1.35 >^ 
52.1 52.6 53.0 53.5 53.9 54.3 54.8 55.2 55.6 56.0 56.9 57.9 58.7 59.6 60.4 61.2 64.6 67.5 71.9 1.40 0 
53.6 54.1 54.5 55.0 55.4 55.8 56.2 56.6 57.0 57.4 58.3 59.2 60.0 60.9 61.6 62.4 65.7 68.4 72.7 1.45 § 
55.1 55.6 56.0 56.4 56.8 57.2 57.6 58.0 58.4 58.8 59.7 60.5 61.3 62.1 62.9 63.6 66.8 69.4 73.5 1.50 〇 
：56.6 57.0 57.4 57.8 58.2 58.6 59.0 59.4 59.7 60.1 61.0 61.8 62.6 63.3 64.1 64.7 67.8 70.3 74.3 1.55 Z] 
• 58.0 58.5 58.9 5 9.2 59.6 60.0 60.4 60.7 61.1 61.4 62.3 63.1 63.8 64.5 65.2 65.9 68.8 71.3 75.1 1.60 g 
::59.5 59.9 60.2 60.6 61.0 61.4 61.7 62.1 62.4 62.7 63.5 64.3 65.0 65.7 66.4 67.0 69.9 72.2 75.9 1.65 rn 
V 60.9 61.2 61.6 62.0 62.3 62.7 63.0 63.4 63.7 64.0 64.8 65.5 66.2 66.9 67.5 68.2 70.9 73.1 76.6 1.70 
J 62.2 62.6 62.9 63.3 63.6 64.0 64.3 64.6 64.9 65.3 66.0 66.7 67.4 68.0 68.7 69.2 71.9 74.0 77.4 1.75 
468.6 68.9 69.2 69.5 69.8 70,0 70.3 70.6 70.8 71.1 71,7 72.3 72.9 73.4 73.9 74.4 76.5 78.3 81.0 2.00 
玄74.2 74.4 74.7 74.9 75.2 75.4 75.6 75.8 76.0 76.3 76.8 77.2 77.7 78.1 78.5 78.9 80.6 82.1 84.3 2.25 
^79.1 79.3 79.5 79.7 79.9 80.0 80.2 80.4 80.6 80.7 81.1 81.5 81.9 82.2 82.6 82.9 84.3 85.4 87.2 2.50 
t83.3 83.4 83.6 83.7 83.9 84.0 84.2 84.3 84.4 84.6 84.9 85.2 85.5 85.8 86.0 86.3 87.4 88.3 89.7 2.75 
^•86.8 86.9 87.0 8 7.1 87.3 8 7.4 87.5 87.6 8 7.7 87.8 88.1 88.3 88.5 88.8 89.0 89.2 90.0 90.7 91.8 3.00 tfe -
萨 . 1 92.1 92.2 92.3 92.4 92.4 92.5 92.6 92.6 92.7 92.8 93.0 93.1 93.3 93.4 93.5 94.0 94.4 95.1 3.50 
^95.5 95.5 95.6 95.6 95.7 95.7 95.7 95.8 95.8 95.8 95.9 96.0 96,1 96.2 96.2 96.3 96.6 96.8 97.2 4.00 
P7.6 97.6 97.6 97.6 97.7 97.7 97.7 97.7 97.8 97.8 97.8 97.9 97.9 97.9 98.0 98.0 98.2 98.3 98.5 4.50 
#98-8 98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.9 98.9 98.9 98.9 98.9 99.0 99.0 99.0 99.1 99.1 99.2 5.00 
If “ “ 
^fir  
� 58 
A P P E N D I X II 
N U M E R I C A L E X A M P L E S F O R T H E C O M P U T E R I Z E D P R O G R A M 
Numerical Example of Constructing Interest Rate Tree 
A set of data is shown as table A 1 for the numerical illustration, it is actually 
adopted from Fabozzi's Valuation of Fixed Income Securities and Derivatives. 
Maturity Yield ParValue Coupon Rate Volatility~~ 
1 3 ^ 100.00 z I o ro 
2 4.20 100.00 4.20 
3 4.70 100.00 4.70 
4 5 ^ 100.00 5 ^  
Table A1 ~Data Set for Constructing Interest Rate Tree 
Source: Fabozzi, Frank J. (1995) Valuation of Fixed Income Securities and 
Derivatives. Pennsylvania: Frank J. Fabozzi Associates. 
W h e n the fields of yield, par value, coupon rate and volatility are entered, the 
market price can be calculated. Press button @ to generate the market price. After 
that, the spot rates and the discounted rates can be calculated by pressing button 國 or 
SR2|. T h e interest rate tree constructed from the program should be s a m e as the tree 
diagram s h o w n in Figure A1. There m a y be a difference in the third or forth decimal 
places in those two set of data, and that is mainly due to different round-up operations of 





• 1 9 . 1 9 8 7 % 
, ^ " H H H 
• 1 7 . 0 0 5 3 % 
^ A^Hji ^  
會 5 - 4 2 8 9 % • 1 7 5 3 1 2 % 
^ " H ^ , ,^ " H H L 
• 3 . 5 0 0 0 % • 1 5 . 7 3 5 4 % 
N ^ ^ A/HL ^ I , 
• 4 . 4 4 4 8 % 參 1 6 . 1 6 6 0 % 
A^L ^ . / "HLL 
• 1 4 . 6 9 5 8 % 
A/LL ^ . 
• 1 5 . 0 4 8 3 % 
"LLL 
Figure A1 Binomial Interest Rate Tree for Valuing Up to a Four-year Bond 
for issuer (10% Volatility Assumed) 
Source: Fabozzi, Frank J. (1995) Valuation of Fixed Income Securities and 
Derivatives. Pennsylvania: Frank J. Fabozzi Associates.p107. 
Numerical Example of Determining Value of a Callable 
T h e calculation of the callable is based on the interest rate tree constructed from 
table A 2 , if it is not yet built, going through the process of construction of interest rate 
tree. T h e terms of a callable bond are s h o w n as following table: 
Parvalue 100 
Coupcm rate 6.5% 
Year to maturity 4 
Call price at t=1 102 
Call price at t=2 101 
Call price at t=3 155  
Table A2 Terms of a Callable Bonds 
Source: Fabozzi, Frank J. (1995) Valuation of Rxed 
income Securities and Derivatives. Pennsylvania: Frank 
J. Fabozzi Associates. 
Press |lnput Data| button to start the program, keying in 100 as the par value input 
box is appeared, entering 6.5 as the coupon rate and 4 as year of maturity. W h e n the 




as first period call price, 101 as the second year one and 100 as the third year one. T h e 
program will generate the values of the 6.5% four-year callable and the call option. T h e 
results should be the s a m e as those s h o w n in Figure A 2 . 
• 100.000 
^ H H H H L _ _ _ ^ 
97529 7t 
• 97529 
" H H H 65 
97.925 7t 9.1987% ^  • 97.925 • 100.000 
^ H H 6_5 ^HHHL 6.5 
• 100.160 ^ 7.0053% S 99.041 7t • 100.160 • 99.041 
" H 65 "HHL 6.5 
?f 5 . 4 2 8 9 % 3 1 0 0 . 2 7 0 刀 7 ^ 3 1 2 % M   • ~103.942 • 100-270 • 100.000 
N 35000% • •.� � H L 6>5 � H L L ^ ^ • ~102576 ^ 5.7354% ^ ~100.315 7t • 102.000 • 100.000 
"L 6_5 "HLL 65 
4.4448% ^ ~~101.7231 ^ 6.1660%| M  
• 101.000 • 100.000 
〜LL 65 "HLLL ^ 4.6958% bi 101.3821 71 
• 100.000 
Cail price schedule: �LLL 6-5 Year 1: 102 5.0483% bl  
,\ Year2: r . ； ioi . • 100.000 
Year3: .- 100| . i . 〜LLLL ^ 
Figure A2 Valuing a Callable Corporate Bond wrth Four Years to 
Maturity, a Coupon Rate of 6.5%, and with a Call Price Schedule (10% 
Volatility Assumed) 
Source: Fabozzi, Frank J. (1995) Valuation of Fixed Income Securrties and 
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